The local generation of renewable electricity through roof-mounted photovoltaic (PV) systems on buildings in urban areas provides huge potentials for the mitigation of greenhouse gas emissions. This contribution presents a new method to provide local decision makers with tools to assess the remaining PV potential within their respective communities. It allows highly detailed analyses without having to rely on 3D city models, which are often not available. This is achieved by a combination of publicly available geographical building data and aerial images that are analyzed using image recognition and machine learning approaches.
discrete number of actually installable modules
With the higher detail that improvements in 163 these areas could provide, the results could be bet-
164
ter employed in studies that examine the integra- would have to be fed back into the national grid.
175
The integration of PV into the distribution net-176 work infrastructure is analyzed by Srećković et al.
177
(2016) in a case study for Maribor, Slovenia and by assessed PV potentials, e.g. in energy system mod-
Methodology
The approach that is used to assess the remaining 215 economic potential in a given region is conducted 216 within nine distinct steps, as shown in Figure 1 .
217
Irradiance profiles 15min-resolution electricity generation profiles:
Technical potential
Roof structure detection
Inclined irradiance profiles
Electricity yield simulation Figure 3 ).
375
If no ridge line could be identified on a roof, that 376 could be due to the building having a flat roof.
377
Based on the assumption that, overall, about 9% 
Module placement

398
In the next step, the number of modules that 
with W 0 in kWh being the amount of electric- calculations. An example can be seen in Figure 8 . 
592
The results can be accessed via a graphical user It was generated by using the LiDAR-method with There is also a small cluster (about 5% of the com- (2017).
685
Most of the errors that were observed can be at- top-right building in Figure 11 ). From manual ex- become available.
764
The method itself could also be improved in a 
768
In cases of more complex building geometries, e.g.
769
T-shaped buildings, a fallback method is applied.
770
This issue is currently being addressed by an ap-771 proach using image segmentation algorithms and is 772 a subject for future work.
773
As compared to methods that employ 3D city 774 models, this method is not able to assess the tilt of whether this approach could work reliably.
784
Since this method relies purely on two dimen-785 sional data, it does currently not allow for the con- tentially further extend the overall PV potential.
792
The steps in this method that rely on image cluding both irradiance and PV power modeling.
817
Despite these uncertainties, however, the methods 818 used within this paper are still significantly more 819 detailed than the ones employed in comparable 820 studies (see section 2).
821
The detection of existing PV systems can be 
832
The evaluation itself is also prone to errors. 
(B.4)
1258
In order to account for shading from various ob- , (B.8) with θ Z being given in degrees.
1279
The calculated ε can be classified into eight dif- power generation P of a PV system. T mod is un- 
1313
In Freiburg, the average efficiencies over the whole 1314 year range between 7.8% and 10.4% (depending on 1315 orientation).
1316
In reality, an inverter is needed to transform the 1317 direct current from the modules into alternating 
